Entrapment neuropathy is a group of clinical disorders involving compression of a peripheral nerve and interference with nerve function mostly through traction injury. We have investigated the chronic compression of peripheral nerves as an experimental procedure for detecting changes in ultrastructural nerve morphology. Adult hamsters (Mesocricetus auratus, N = 30) were anesthetized with a 25% pentobarbital solution and received a cuff around the right sciatic nerve. Left sciatic nerves were not operated (control group). Animals survived for varying times (up to 15 weeks), after which they were sacrificed and both sciatic nerves were immediately fixed with a paraformaldehyde solution. Experimental nerves were divided into segments based upon their distance from the site of compression (proximal, entrapment and distal). Semithin and ultrathin sections were obtained and examined by light and electron microscopy. Ultrastructural changes were qualitatively described and data from semithin sections were morphometrically analyzed both in control and in compressed nerves. We observed endoneurial edema along with both perineurial and endoneurial thickening and also the existence of whorled cell-sparse structures (Renaut bodies) in the subperineurial space of compressed sciatic nerves. Morphometric analyses of myelinated axons at the compression sites displayed a remarkable increase in the number of small axons (up to 60%) in comparison with the control axonal number. The distal segment of compressed nerves presented a distinct decrease in axon number (up to 40%) comparatively to the control group. The present experimental model of nerve entrapment in adult hamsters was shown to promote consistent histopathologic alterations analogous to those found in chronic compressive neuropathies.
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Entrapment neuropathies are produced by existing anatomical arrangements that cause compression or constriction of a peripheral nerve. The three most common entrapment syndromes (the thoracic outlet syndrome, the carpal tunnel syndrome, and the cubital entrapment syndrome) are remarkable examples of the dramatic clinical features with motor and sensory symptoms often associated with autonomic dysfunction. They occur at specific places where nerves are confined to narrow anatomic pathways and therefore are particularly susceptible to constricting pressures. In those neuropathies the neural lesion is directly attributable to local causes comprising disturbances to nerve vascular supply (1), axonal transport mechanisms (2,3), degeneration of myelin sheaths (4), axonal damage (5), and/or connective tissue changes such as endoneurial edema (6) . Nerves can be damaged in a number of ways such as: a) ischemia; b) physical agents such as traction, pressure stretching, cold or heat; c) infectious and inflammatory processes; d) ingestion of drugs and metals; e) infiltration by or pressure from tumors; f) the effects of systemic disease; g) compression and/or section. In the present study we investigated by light and electron microscopy the ultrastructural changes of peripheral nerve lesions induced by chronic compression using an experimental model for detecting tissue changes promoted by entrapment.
All experimental procedures involving animal use were done in full agreement with the Animal Care and Use Committee of the Instituto de Biofísica, Universidade Federal do Rio de Janeiro. Adult hamsters (Mesocricetus auratus, N = 30) were deeply anesthetized with a 25% pentobarbital solution and each animal received a surgically applied small silicone cuff embracing the right sciatic nerve. The left sciatic nerves were not operated and represented the control group. After surgery, animals were kept under veterinary care for variable survival intervals (2-15 weeks), after which they were sacrificed by ether inhalation, being immediately perfused transcardially with 4% paraformaldehyde. The nerves were then dissected and divided into segments based upon their distance from the site of nerve compression (proximal, entrapment and distal). These segments were then immersed in 2% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, for 2 h followed by 1% osmium tetroxide with 0.8% potassium ferricyanide and CaCl 2 in 0.1 M cacodylate buffer, pH 7.4, for 1 h. Nerve blocks were subsequently dehydrated in graded acetone solutions and embedded in PolyBed 812. Semithin (500 nm) and ultrathin (60-70 nm) sections were stained with toluidine blue, uranyl acetate and lead citrate, respectively. Ultrathin sections were examined under a Zeiss EM-900 (Carl Zeiss, Oberkochen, Germany) electron microscope. Semithin sections of both control and compressed nerves were photographed with a light microscope (Zeiss-Axioscope) and then analyzed morphometrically (Image Pro Plus software package, Media Cybernetics, Carlsbad, CA, USA) and central nerve regions were compared to marginal nerve regions in each group. The central region of the sciatic nerve was defined as the inner circular zone corresponding to 50% of the nerve diameter, surrounded by the marginal region corresponding to 25% of the nerve diameter. Myelinated axons in each nerve region were systematically counted with the use of a uniform sampled area (3600 µm 2 grid) and the data are respectively expressed as percentage of axon number (mean ± SEM). It was assumed that axon number in the central or marginal regions of the control nerves represented 100% of the normal axon population in each respective region. Statistical analysis was performed with a computerized package (SPSS 11.0 for Windows) and consisted of bivariate followed by univariate analysis of variance. The Duncan multiple range test was used to compare the experimental groups (P < 0.01).
To our knowledge the present results represent the first observations of experimental nerve entrapment in adult hamsters. After surgery, the main pathologic findings were already thoroughly established after a 5-week survival interval and most alterations followed a similar pattern of presentation in animals enduring longer compression (up to 15 weeks). Ultrastructural nerve morphology exhibited endoneurial edema, with thickening of both the endoneurium and perineurium, implying a distinct displacement of nerve fibers. The vasa nervorum pattern was also altered in compressed sciatic nerves compared to the control group. Intense myelin sheath degeneration was also observed at the entrapment site and mainly in the distal segment with an influx of fibroblasts and Schwann cells to the lesioned regions ( Figure 1 ). We also observed loosely textured and whorled cell-sparse structures, ranging from 15 to 145 µm in diameter, found in the subperineurial space of the compressed sciatic nerve. In these areas we often observed isolated nerve fibers surrounded by collagen fibers. Some of these structures have a morphology suggestive of Renaut bodies (nerve cell-sparse structures with a predilection for sites of nerve compression and mechanical stress) (7, 8) .
The number of myelinated axons in each nerve segment -control, proximal, entrapment or distal -was analyzed according to axonal position either in the central or marginal region of the nerve. Data are reported as percentage of the respective control region ( Figure 2) . Interestingly, the results observed at the entrapment site displayed a remarkable increase in the number of small axons either in the central (26.36 ± 12.48%) or marginal (53.54 ± 8.92%) nerve region in comparison with the axonal number in the control group. In addition, the distal segment of the compressed nerve presented a distinct decrease in axon number in both the central (34.29 ± 4.44%) and marginal (24.04 ± 3.68%) entrapped nerve regions comparatively to control nerves. In the entrapment segment, we observed neural structures with a morphology highly suggestive of Renaut bodies. These bodies contained a loosely textured amorphous and fibrillar material (9-11). Renaut bodies exhibit mostly fibroblasts of perineurial and/or endoneurial origin with the extracellular matrix comprised of collagen fibrils, basal lamina material, and oxytalan filaments (10). Renaut bodies seem to be derived mainly from primary connective tissue elements of the endoneurium or from the degeneration of formed endoneurial structures such as capillaries. The latter possibility emerged from the study of human nerves showing a close association between thickened endoneurial capillaries and Renaut bodies (12) . We observed similar changes in the hamster sciatic nerve. Histologic characteristics that differentiate Renaut bodies from malignant neurotropic infiltration are: a) a cell-sparse mass, b) absence of nuclear atypia, c) a less extensive than expected inflammatory infiltrate, and d) well-defined borders (10) .
This model of experimental chronic entrapment caused a remarkable increase of axons of small diameter (less than 3 µm) at the site of compression. This finding may be notably attributable to axonal sprouting in response to nerve compression. This biological phenomenon was more evident in the marginal region, where it could be statistically confirmed both in the proximal and in the entrapment nerve segment. In addition, we observed an important axonal degeneration occurring at the distal segment both in central and in marginal regions that may be considered as a probable direct consequence of mechanical stress upon the sciatic nerve affecting its normal physiology. The present study has proven the usefulness of this experimental model in the production of clearcut histopathologic findings observed in entrapped sciatic nerves of adult hamsters. The entrapment procedure used in this investigation produces the formation of recognizable neuropathological signs (13, 14) at a faster rate than previously described for the compressed sciatic nerve of the rat (15) . In addition, entrapped nerves exhibited Renaut bodies at the sites of nerve compression. Further investigations are necessary in order to clarify some of the neurobiological phenomena involved in the appearance of these abnormal structures in compressed nerves.
